Objective: To examine the relation of performance on brief cognitive tests to development of clinically diagnosed Alzheimer disease (AD) dementia over the following 18 years in a sample of African Americans and European Americans.
about earlier deficits or about the preclinical phase of AD dementia in minority groups. We examined the relation of cognitive test performance to subsequent development of clinical AD dementia over intervals ranging from 1 to 18 years among older African Americans and European Americans. Cognition was assessed using a battery of 4 brief cognitive tests. The diagnosis of AD dementia was based on a uniform evaluation by clinicians blinded to previously collected data. METHODS 
Study design and participants. The Chicago
Health and Aging Project is a longitudinal, population-based study of AD dementia and other health conditions among adults aged 65 years and older conducted from 1993 to 2012, which enrolled 78.7% of all residents older than 65 years from a geographically defined biracial community of African Americans and European Americans. Residents who reached 65 years of age in subsequent years were also enrolled in successive age cohorts. These participants had less follow-up than those enrolled at the beginning of the study. The Chicago Health and Aging Project study design has been described in detail previously. 27, 28 Cognitive tests were administered during population interviews that were conducted in participants' homes in approximately 3-year cycles for up to 6 cycles over 18 years.
A detailed flowchart for selection of the clinical sample from the population sample is shown in figure e-1 on the Neurology ® Web site at Neurology.org. Participants with follow-up had higher cognitive function scores (p , 0.0001) than participants lost to follow-up (0.389 vs 0.203) and deceased (0.389 vs 20.514). Of the 10,801 participants in the population sample, 3,182 were selected for clinical evaluations, of which 1,033 were excluded for prevalent AD dementia, and 24 with non-AD dementia were also excluded, resulting in a sample size of 2,125.
Standard protocol approvals, registrations, and participant consents. The Rush University Medical Center institutional review board approved this study. All participants provided written informed consent. 31 and a test of general orientation and global cognition (Mini-Mental State Examination). 32 In a factor analysis, these tests loaded on a single factor accounting for about 75% of the variance. 33 Hence, a composite cognitive test score based on all 4 tests by averaging the 4 tests together after centering and scaling each to their baseline mean and SD was constructed. A participant whose composite performance matches the average participant at baseline has a composite score of 0, whereas positive and negative scores were indicators of better and poorer cognitive performances, respectively. Cognitive tests of episodic memory were based on the average of the 2 recall untransformed test scores (range: 0-12), executive function was based on untransformed Symbol Digits Modalities Test score (range: 0-75), and global cognition was based on untransformed Mini-Mental State Examination test score (range: 0-30).
AD dementia diagnosis. Individuals sampled for clinical assessment underwent a uniform clinical evaluation that included a structured medical history, neurologic examination, and a battery of 19 cognitive function tests. On the basis of this evaluation, a board-certified neurologist, who was unaware of previously collected data, diagnosed dementia and AD according to the NINCDS-ADRDA (National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association) criteria, 34 as previously described. 30 These require a history of cognitive decline and evidence of impairment in 2 or more cognitive domains, one of which must be memory, for a diagnosis of AD dementia.
Covariates. All of our regression models adjusted for age (measured in years and centered at 75), sex (males or females), race (when using entire sample), and education (measured in number of years of schooling completed centered at 12). Because years of education is not commensurate between older African Americans and European Americans, 35 we replaced educational attainment with 2 measures-early-life cognitive activity and early-life household socioeconomic and community socioeconomic level. Early-life cognitive activity was based on 3 questions: "How often did someone in your home read to you as a child?" "How often did someone in your home tell you stories when you were a child?" and "How often did someone in your home play games with you when you were a child?" Participants rated their frequency of participation in each activity on a 5-point scale: 5 5 every day or almost every day; 4 5 several times a week; 3 5 several times a month; 2 5 several times a year; and 1 5 once a year or less. These ratings were averaged to yield a composite measure of cognitive activity, which ranged from 1 to 5, with higher scores indicating more frequent early-life cognitive activity. Early-life household socioeconomic and community socioeconomic level was based on a standardized composite measure of parental education and socioeconomic features of the birth county (e.g., literacy rate and birth county expenditure on education).
Statistical analyses. Descriptive analysis was performed using means and SDs for continuous measures, and percentages for categorical measures. Approximately 3% of participants had at least one missing cognitive function test but still had a clinical diagnosis of AD dementia. These participants with missing cognitive data were removed from analysis for missing individual cognitive function test, but were used in the composite cognitive function test that was created with available cognitive function tests. Our initial descriptive analysis was stratified by race; and later descriptive analysis by development of clinical AD dementia status. We also made descriptive comparisons using a 2-sample independent t test for continuous measures, and x 2 test statistic for categorical measures. Given that our cognitive test scores from population interviews were collected over 6 triennial cycles with diagnosis of clinical AD dementia assessed less than 1 year after their last cognitive assessment, we created 6 classifications to denote time before development of clinical AD dementia: 0.1-0.9, 1.0-3.9, 4.0-6.9, 7.0-9.9, 10.0-12.9, and 13.0-17.9 years. The main objective of this investigation was to examine the association of cognitive function test levels with future development of AD dementia. Consistent with this objective, we used a logistic regression model with cognitive test scores to predict future development of clinical AD dementia at each time interval after adjusting for demographic covariates previously described. 36 Our primary set of models used a composite cognitive test score to predict future development of clinical AD dementia in the entire sample, as well as in African Americans and European Americans, separately. In a separate analysis, we also included race interactions to examine the possible differences in the association of composite cognitive function with clinical development of AD dementia between African Americans and European Americans. We also performed a sensitivity analysis by replacing years of formal education with early-life cognitive activity and early-life household socioeconomic and community socioeconomic level. Our secondary set of models used episodic memory, executive function, and global cognition test scores to predict future development of clinical AD dementia in the entire sample. All models were fitted in SAS software. 37 
RESULTS
Of the 2,125 older adults, 442 (21%) developed AD dementia during the follow-up period with a higher cumulative incidence proportion among African Americans (23%) than among European Americans (17%). The average age at diagnosis of clinical AD dementia was 83.6 (SD 5 5.9) years.
Participants with clinical evaluations had significantly higher baseline cognitive function scores than participants selected but deceased (0.493 vs 0.243; p , 0.0001), and similar scores to participants who were selected but did not participate (0.493 vs 0.477; p 5 0.58). Also, participants with clinical evaluations had significantly higher cognitive function test scores in the population interview before selection than participants selected but deceased (20.027 vs 20.464; p , 0.0001) and those who were selected but did not participate (20.027 vs 20.175; p , 0.0001).
Participants at initial assessment. Table 1 shows the characteristics of African American and European American participants at their baseline cognitive assessment. African Americans were about 3 years younger and had about 2 fewer years of education than European Americans. The 2 groups differed substantially by income as well, with approximately 80% of African Americans (vs 48% of European Americans) having annual household incomes of less than $30,000. African American participants also had lower composite cognitive test scores and lower scores on tests of episodic memory, executive function, and global cognition.
Diagnosis of clinical AD dementia over time. During the 0.1-to 0.9-year interval between cognitive assessment and diagnostic testing, about 22% of African Americans and 17% of European Americans developed clinical AD dementia after an average of 0.5 (SD 5 0.21) years (table 2). The second time interval, 1.0-3.9 years, corresponds to the cognitive assessment 2 data-cycles, 4.0-6.9 to 3 data-cycles, 7.0-9.9 to 4 data-cycles, 10.0-12.9 to 5 data-cycles, and 13.0-17.9 to 6 data-cycles before diagnosis of AD dementia. The proportion diagnosed with clinical AD dementia was mostly steady among African Americans, in the low to mid 20% over the duration of the study. European Americans, however, showed a continual increase in proportion developing AD dementia, over the duration of the study, from 10% to 17%.
Composite cognitive test score and development of AD dementia. Table 3 shows average composite cognitive test scores of those who were free of AD dementia and those who developed clinical AD dementia. In each interval, average cognitive test scores among those who developed AD dementia were significantly lower than among those who remained free of AD dementia. During 0.1-0.9 years before development of AD dementia, the composite cognitive test score was 0.946 units (SD units) lower among those who developed AD dementia compared with those who remained free of AD dementia (p , 0.001). Despite diminishing differences further back in time before diagnosis, the difference of 0.321 units observed during 13.0-17.9 years was substantial and remained significant (p , 0.001).
Using logistic regression models adjusted for age, sex, and education, our composite cognitive test scores predicted development of clinical AD dementia over the duration of the 18-year study (table 4). The estimated odds ratios (ORs) diminished with increasing time before AD dementia assessment but remained significant even at the time farthest from AD dementia assessment. In the 0.1-0.9 years before diagnostic assessment, cognitive test score was associated with OR of 9.84 (per SD increment in score; 95% confidence interval [CI] 7.41, 13.06; p , 0.001) for developing clinical AD dementia. The association of cognitive function tests with incident AD dementia decreased with increasing lapse in time between cognitive assessments, but it was still present for the earliest cognitive function tests administered 13.0-17.9 years before development of clinical AD dementia (p , 0.001).
Composite cognitive test scores also predicted the development of clinical AD dementia among African Americans and European Americans over the entire duration of the 18-year study, even though the ORs were larger among European Americans than among African Americans (table 4) . Among African Americans and European Americans, the association of composite cognitive test score with development of AD dementia decreased from 0.1-0.9 years to 13.0-17.9 years before diagnostic assessment. The OR estimates were about 1.5-to 2.5-fold higher in European Americans than in African Americans with the largest difference at 4.0-6.9 years before development of AD dementia (p 5 0.008). The association of cognitive score with AD dementia risk was also significantly larger among European Americans at 1.0-3.9 years (p 5 0.038). Episodic memory predicted development of clinical AD dementia over the 18-year study with OR declining from 0.1-0.9 years to 13.0-17.9 years. The ORs for executive function and global cognition showed a similar pattern of decrease. The decrease in OR estimates over time was smaller for global cognition, followed by executive function, and then by episodic memory. DISCUSSION Our findings indicate that overall performance on a brief cognitive test battery and on tests measuring specific cognitive functions differ substantially on average between those who subsequently develop clinically evident AD dementia and those who remain free of AD dementia up to 18 years before diagnosis in a biracial population sample. The results confirm that average differences in cognitive test scores between those who develop clinically evident AD dementia and those who did not can be detected up to 12 years before clinical diagnosis among European Americans. 25, 26 Our results also extend this period to the entire observation period of 18 years. Strong associations with executive function and global cognition were observed at the farthest time from diagnosis (i.e., 13.0-17.9 years before) that appeared stronger than episodic memory, perhaps suggesting that loss in executive function might precede loss in episodic memory. However, the Symbol Digits Modalities Test makes demands on episodic memory as well as executive function; hence, multidimensional tests in clinical trials might be better suited to detect small changes in cognition leading to clinical development of AD dementia. Our findings are congruent with previous research that found deficits in executive and global cognition tests precede clinical diagnosis of AD dementia over 18 years and seem to exhibit deficits earlier than 15 years in visual memory performance. 38 More research focusing on the temporal pattern of cognitive deficits preceding development of AD dementia might provide a better understanding of preclinical stages of AD dementia. In the development of AD dementia, pathophysiologic changes are generally thought to precede the emergence of cognitive impairment 6, 7 ; in a crosssectional analysis of parent and child, b-amyloid was detected 15 years before expected symptom onset. 39 Nothing in our results contradicts this idea, but if the pathologic changes of preclinical AD dementia precede emergence of the average cognitive differences we were able to detect between those who later developed clinical AD dementia and those who did not 18 years before clinical diagnosis, then the processes that constitute preclinical AD dementia may span a very long duration as suggested in biomarker studies. Our findings suggest that midlife studies might help in providing a better clinical understanding of the earliest manifestations of the disease process. Clinical studies need to be long enough to observe changes in pathologies for clinically significant AD dementia. It is noteworthy that average cognitive differences between those who subsequently developed clinical AD dementia and those free of AD dementia were detectable both with the composite score based on multiple tests and with the individual tests, including the Mini-Mental State Examination, a test sensitive to the cognitive changes of AD dementia.
For the composite cognitive test score, ORs for the subsequent development of clinical AD dementia were higher among European Americans than among African Americans although robustly positive in both racial/ethnic groups. The basis of this racial difference is uncertain. It is possible that the temporal course of cognitive changes in AD dementia differs between African Americans and European Americans. Racial differences in quality of education could have affected our findings, but we stratified our OR estimates to adjust for race differences in education quality. In addition, in sensitivity analysis, substituting earlylife cognitive activity for educational attainment yielded slightly lower ORs, and substituting earlylife household socioeconomic and community socioeconomic level for educational attainment yielded slightly higher OR, with cognitive function scores still associated with clinical AD dementia over the entire duration of the study (data not shown).
This investigation has both strengths and weaknesses. The strengths include that it was of large size, conducted in a clearly defined, well-characterized sample of the general population, included adequate numbers of both African Americans and European Americans for meaningful analysis, and had a lengthy follow-up observation, whereas much of our current knowledge of preclinical AD dementia is derived from shorter-term observation of European Americans recruited at academic medical centers. Clinicians evaluating persons for the presence of clinically manifested AD dementia were rigorously masked to the results of previous cognitive testing, reducing the potential for observer bias to influence the results. Although a more extensive cognitive testing battery may be more sensitive to cognitive changes in the early stages of AD dementia, this potential weakness implies that our findings were conservative. Participants with clinical evaluations had higher cognitive scores than did nonparticipants, likely making our estimates conservative. Participants could have developed clinical AD dementia years before our clinical evaluation. However, we removed participants with suspected prevalent AD dementia from our analysis. The results from this study of a population sample from neighborhoods in a single midwestern US city may not generalize to other settings. However, both of these factors would tend to lead to falsely negative conclusions rather than the robustly positive results found. Our results indicate that performance on a brief cognitive battery and on the cognitive domains measured by individual tests in the battery differs substantially between those who will subsequently develop clinically evident AD dementia and those who will not up to 18 years before diagnosis in a biracial population sample. If, as widely hypothesized, evidence of AD dementia pathophysiology precedes cognitive impairment in preclinical AD dementia, these results imply a very long duration for the prodromal phase of clinical manifestation of AD dementia, one that may span decades.
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